. These earlier findings demonstrate porosome to be the universal secretory machinery in cells [9, 10] . The overall structure, composition and reconstitution of this secretory machinery in the exocrine pan creas and in neurons have been well documented [1, 2, [5] [6] [7] [8] , however the presence of such a secretory machinery in astrocytes had not been previously reported. Since astrocytes are secretory cells, the presence of porosomes at specific plasma membrane locations was investigated in these cells. [11] [12] [13] [14] , and their involvement in membrane fusion [15, 16] . Target membrane proteins, and secretory vesicle-associated membrane protein (VAMP or v-SNARE) 
During neurotransmission, for instance, in the presence of calcium, 40-50 nm in diameter membrane-bound synaptic vesicles containing neurotransmitters dock and fuse at the base of 12-17 nm in diameter cup-shaped neuronal porosomes via interaction of secretory vesicle-associated v-SNARE protein with t-
SNAREs at the porosome base [5] [6] [7] [8] . Similarly [1, 2, 4, 6, 7] . In the present study, we report for the first time, the presence of porosomes in rat brain astrocytes. Using 
Immunoanalysis of isolated astrocyte porosomes further demonstrates the presence of actin, L-type calcium channel and SNAREs, similar to in neurons. These studies demonstrate that the secretory apparatus in astrocyte is similar, if not identical to what is present in neurons.

Materials and methods
Preparation of astrocyte culture
Neuron-glia cultures from neonatal rat cerebral cortex were established as described. Cortex from three newborn pups (1) (2) (3) 
Results and discussion
Live astrocytes (Fig. 1A) (Fig. 1C-F) resembling neuronal porosomes both in size and morphology [5, 8] . As previously observed in neuronal porosomes [5] , a central plug measuring approximately 20-30 Å was also found in the porosome complex of astrocytes (Fig. 1F,   red Fig. 2A-E) . Although frequently a single secretory vesicle was found docked to the base of a porosome complex, on rare occasion, a lone vesicle was found docked at the base of two porosomes (Fig. 2A) . These porosomes in astrocytes were very similar to the neuronal porosomes previously observed in electron micrographs [5, 8] . Toward the cytoplasmic compartment, fibrillar structures originating from the porosome surface made contact with the cell plasma membrane. These fibrillar elements may provide stability and support to the porosome complex in astrocytes (Fig. 2E) . Depending on the angle of the cut through the structure, the porosome opening in electron micrographs appears to be approximately 8-10 nm (Fig. 2D) , with fibrillar elements originating from the base of the structure (Fig.  2B) To further characterize the astrocyte porosome, it was immunoisolated and reconstituted into artificial lipid membrane, followed by AFM imaging (Fig. 3) . In Fig. 3A, a (Fig. 4) (Fig. 5) . Surprisingly, although SNAP-23 immunofluorescence was found to be greater, both SNARE proteins were demonstrated to be present in astrocytes [22, 23] . Both SNAP-23 and SNAP-25 immunoreactivity exhibit a punctate distribution, localizing primarily to the cell plasma membrane (Fig. 5) . Hence, as previously demonstrated in the exocrine pancreas, neuroendocrine cells and neurons [1] [2] [3] [4] [5] [6] [7] [8] [24, 25] . Indeed in agreement, a recent study [26] [9, 10] .
low-magnification image of porosome-reconstituted lipid membrane is shown, with yellow arrowheads pointing to a few of the reconstituted porosome complexes. Figures 3A-D are examples of micrographs of three representative membrane-reconstituted porosome complexes at high resolution. Results from this study demonstrate that isolated porosomes when reconstituted in lipid membrane exhibit structural features similar to porosomes in live astrocytes, and in neurons. The central plug too (red arrowhead), is clearly visible in the reconstituted porosome complex of astrocytes, as is observed in its native state at the cell membrane. Since earlier studies [5-7] demonstrate among other proteins, the presence of actin, calcium channels, NSF and SNAREs, in the prosome complex of the exocrine pancreas and neurons, the presence of these proteins in the astrocyte porosome was investigated. Immunoisolated astrocyte porosomes resolved using SDS-PAGE, when subjected to immunoblot analysis, demonstrate the presence of actin and L-type calcium channel (Fig. 4A). Significant SNAP-23 immunoreactivity was demonstrated in the astrocyte porosome complex, however, this immunoreactivity was found as a 68 kDa protein, possibly as a SDS-resistant SNARE complex (Fig. 4A). No detectable level of the NSF protein was found associated with the astrocyte porosome complex (data not shown). To further determine if NSF immunoreactivity was present in astrocytes, but absent from the porosome complex, immunoblot analysis were performed using equal amounts of homogenate protein, both from astrocyte and whole rat brain tissue (Fig. 4B). Our studies demonstrate that astrocytes have much less NSF and SNARE immunoreactivity (Syntaxin 1, SNAP-23 and VAMP 2), when compared to whole brain tissue. Although SNAP-25 was present at much higher concentrations than SNAP-23 in brain tissue, SNAP-25 was undetectable in immunoblots of the astrocyte homogenate
In [27, 28] , and hence curvature of both secretory vesicles and the porosome base, would dictate the efficacy and potency of vesicle fusion at the cell Fig. E is a higher magnification of Fig. C, high magnification (B-D) . In Fig. 3A, a  low- 
